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[57] ABSTRACT

A microinjection apparatus according to the invention
includes a microsyringe having a plunger, a rotative
moving member which rotates together with a shaft,
and a micromovement device mounted on the rotative
moving member and having a piezoelectric/electro-
strictive element equipped with an inertial member.
Applying an electric signal to the micromovement de-
vice produces a driving force which causes the rotative
moving member to rotate by a minute amount. As a
result, the plunger is moved a minute amount in the
axial direction to move a liquid within the microsyringe.
Also provided is a microinjection apparatus which in-
cludes a microsyringe having an internal rotary plate
serving as a plunger and attached to a center shaft, a
rotative moving member which rotates together with
the center shaft, and a micromovement device mounted
on the rotative moving member and having a piezoelec-
tric/electro-strictive element equipped with an inertial
member. Applying an electric signal to the micromove-
ment device produces a driving force which causes the
rotative moving member to rotate by a minute amount.
As a result, the rotary plate serving as the plunger is
rotated a minute amount to move a liquid within the
microsyringe. Further, the microinjection apparatus is
so adapted that a micromovement device having a
piezoelectric/electrostrictive element equipped with an
inertial member is driven to drive a rectilinear moving
member directly in a linear direction, thereby operating
a plunger.

5 Claims, 6 Drawing Sheets
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MICROINJECTION APPARATUS, AND METHOD
OF CONTROLLING MICROINJECTION

BACKGROUND OF THE INVENTION

This invention relates to a microinjection apparatus
of a micromanipulator for injecting liquids, and to a
method of controlling microinjection performed by this
apparatus.

In the realm of biotechnology, there is a field devoted
to the artificial manipulation of genes, cells and the like
to produce a body of new genetic information which is
then utilized or studied. The subjects of study in this
field are multifarious and include genes, cells, nuclei,
fertilized embryos, tissue and protozoa. Micro-manipu-
lation is available as a means of physically and mechani-
cally manipulating those of these items that can be ob-
served by an optical microscope. For example, micro-
manipulation is essential when injecting a foreign gene
into a plant or animal cell or nucleus and analyzing the
character manifesting mechanism of the gene, when
segmenting an early embryo or a morula, implanting it
in an adoptive parent and forming monozygotic multi-
ples or when transplanting another individual into the
cytoplasm of a fertilized egg to form a clone.

FIG. 1is a diagram showing the overall arrangement
of a micromanipulation system according to the prior
art.

As shown in FIG. 1, the system includes a base 1, a
microscope 2 disposed on the base 1, a position detector
3, a fine-movement unit 4, a coarse-movement unit 5, a
television camera 6, a microinjector 7, a left control box
8, a right control box 9, a camera control unit 10, a
video monitor 11 and a main control unit 12.

As illustrated in the Figure, the two control boxes 8§,
9 are for manipulating the left and right fine-movement
and coarse-movement units 4, 5 and for controlling
various functions such as measurement of the amount of
an injected liquid. The microscope 2 is provided with
the TV camera 6 so that the state of a cell and the mi-
cromanipulation thereof can be observed by being pro-
jected on the video monitor 11.

The arrangement of a conventional micromanipula-
tion apparatus is as shown in FIG. 2. A miniature instru-
ment 13 (e.g., a microneedle, micropipette or microelec-
trode) at the tip of the fine-movement unit is supported
on a support rod 14, and a tube 15 is connected to the
support rod 14. In order to make an injection into or a
withdrawal from a cell, a plunger 17 of a microsyringe
16 is fed on threads by turning a knob 18, whereby
positive or negative pressure can be applied.

This conventional microinjection apparatus will now
be described in greater detail.

Many substances do not allow free passage through
their cell membrane. Consequently, in order to examine
the direct action of a substance on the protoplasm or
organelle in the interior of a cell, microinjection in
which the substance is injected into the cell through a
capillary tube (micropipette) is the most direct method.

Though microinjection generally refers to an opera-
tion for injecting a substance into a cell, the same
method can be utilized in a case where a liquid is made
to act upon a specific region of a cell or tissue from the
outside, or in a case where a portion of the protoplasm
is sucked out of the interior of a cell or a minute object
such as a small cell is sucked out. Methods of microin-
jection include a pressure method, in which a liquid
placed inside a micropipette in advance is ejected from
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the micropipette by pressure, or a microelectrophoretic
method, in which an electric current is passed through
a micropipette and a substance within the micropipette
is made to flow out along with the current.

Microinjection by way of the pressure method men-
tioned above will now be described.

As shown in FIG. 3, a microinjection apparatus rely-
ing upon the pressure method includes a micropipette (a
miniature instrument) 21 attached to a hollow support
rod 22, and a microsyringe 24 to which the support rod
22 is connected by a tube 23. The microsyringe 24 has
the structure of a threaded-type syringe and is so
adapted that positive or negative pressure can be ap-
plied by manually operating a knob 25.

Though different from a microinjection apparatus, an
arrangement which can replace the above-described
conventional micromanipulator has already been pro-
posed in a U.S. patent application (U.S.S.N. 07/410,755)
entitled “MICROMANIPULATOR” to which an in-
vention entitled “APPARATUS FOR EFFECTING
FINE MOVEMENT BY IMPACT FORCE PRO-
DUCED BY PIEZOELECTRIC OR ELECTRO-
STRICTIVE ELEMENT"” filed by the applicant of
this application has been applied, wherein an inertial
member is accelerated by applying a voltage to a piezo-
electric/electrostrictive element and the reaction is
utilized to cause movement of a miniature instrument,
thereby making possible fine movement on the order of
10 nm-10 pm in a positive or negative direction. How-
ever, in the conventional microinjector described
above, control of the microinjector depends upon the
manual operation of a knob. As a result, the microinjec-
tor is difficult to operate and is unsatisfactory for accu-
rate injection. In other words, in order to perform accu-
rate injection, proficiency in the characteristics of the
microinjector is required and a high level of skill is
required also for the operating technique.

In addition, fine resolution cannot be obtained by an
injection operation using a manually operated knob.

Furthermore, in case of the above-described microin-
jector, the tube connecting the microsyringe and the
support rod is of considerable length. This requires a
corresponding amount of space and slows down re-
sponse by a commensurate amount.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
compact microinjection apparatus capable of perform-
ing rapid, accurate injection and of promoting automa-
tion, as well as a method of controlling such microinjec-
tion.

According to the present invention, the foregoing
object is attained by providing a microinjection appara-
tus of a micromanipulator for moving, by pressure, a
liquid set in a miniature instrument, comprising a micro-
syringe having a plunger, a moving member provided
on one end of the plunger, and a micromovement de-
vice mounted on the moving member and having a
piezoelectric/electrostrictive element equipped with an
inertial member.

The moving member is a rotative moving member
and is capable of rotating both in forward and reverse
directions.

Further, the moving member is a rectilinear moving
member and is capable of moving in both forward and
reverse directions.
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According to the present invention, a microinjection
control method of a micromanipulator is characterized
in that a micromovement device having a piezoelectric-
/electrostrictive element equipped with an inertial
member is provided on a moving member that is pro-
vided on one end of the plunger of a microsyringe, and
a liquid set in a miniature instrument is moved by pres-
sure obtained by electrical drive of the micromovement
device.

Other features and advantages of the present inven-
tion will be apparent from the following description
taken in conjunction with the accompanying drawings,
in which like reference characters designate the same or
similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram showing the overall arrangement
of a micromanipulation system according to the prior
art;

FIG. 2 is a perspective view showing a microinjec-
tion apparatus according to the prior art;

FIG. 3 is a diagram showing the arrangement of the
microinjection apparatus according to the prior art;

FIG. 4 is a diagram showing the overall arrangement
of a first embodiment of a microinjection apparatus
according to the present invention;

FIG. 5 is a diagram showing the construction of prin-
cipal components of this microinjection apparatus;

FIG. 6 is a front view of essential components of the
microinjection apparatus;

FIG. 7 is a diagram for describing the operating
modes of the first embodiment of the present invention;

FIG. 8 is a diagram showing the main components of
a second embodiment of a microinjection apparatus
according to the present invention;

FIG. 9 is a front view of essential components of this
microinjection apparatus;

FIG. 10 is a diagram for describing the operating
modes of the second embodiment of the present inven-
tion;

FIG. 11 is a diagram showing the main components
of a third embodiment of a microinjection apparatus
according to the present invention;

FIG. 12 is a front view of essential components of this
microinjection apparatus;

FIG. 13 is a diagram for describing the operating
modes of the third embodiment of the present invention;
and

FIG. 14 is a front view of a control box according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described in detail with reference to the drawings.

With reference to FIGS. 4 through 7 to describe a
first embodiment, there are shown a base 31, a stage 32,
a support 33, an injection holder 34 the interior of
which is cut to have female threads, rotative moving
bodies 35, and a first micromovement device A com-
prising an inertial member 36 and a piezoelectric/elec-
trostrictive element 37. Similarly, B represents a second
micromovement device comprising an inertial member
38 and a piezoelectric/electrostrictive element 39. Nu-
meral 40 denotes a microsyringe, 41 a miniature instru-
ment, 42 a current feeding wire for driving the piezo-
electric/electrostrictive elements 37, 39, and 43 a
plunger inserted into and withdrawn from the microsyr-
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inge 40. Numeral 44 denotes a shaft to which the
plunger 43 and rotative moving member 35 are fixed
and whose outer periphery is formed to have male
threads 44a. By virtue of the male threads 44q, the shaft
44 is threadedly engaged with the female threads on the
inner periphery of the injection holder 34 and has a
frictional function. Numeral 45 designates a liquid set
inside the microsyringe 40, and numeral 50 denotes a
control box for controlling the micromanipulator. A
microinjection control switch is also provided on the
control box 50. A position detector is shown at 51 and
a microscope at 52.

The operation of the microinjection apparatus of the
first embodiment will now be described with reference
also to FIG. 14.

Microinjection is classified into two modes, namely
an injection mode in which a chemical or the like is
injected into a living body, and a suction mode in which
a body fluid or the like is withdrawn from a living body.
Though a mode in which cells, eggs or the like are held
can also be mentioned, this can be regarded as the suc-
tion mode.

In a case where the injection mode is desired to be
used, the operator presses a Mode I push-button of the
microinjection switch provided on the control box S0.
When this is done, a thrusting force is produced in both
the first and second micromovement devices A, B, as a
result of which the rotative moving member 35 rotates
a minute amount in the clockwise direction, as shown in
FIG. 6, thereby advancing the plunger 43 and the liquid
45. This produces positive pressure in the microsyringe
40.

In a case where the suction mode is desired to be
used, the operator presses a Mode II push-button of the
microinjection switch provided on the control box 50.
When this is done, a pulling force is produced in both
the first and second micromovement devices A, B, as a
result of which the rotative moving member 35 rotates
a minute amount in the counter-clockwise direction, as
shown in FIG. 6, thereby retracting the plunger 43 and
the liquid 45. This produces negative pressure in the
microsyringe 40.

In the foregoing embodiment, the arrangement is
such that balance is achieved using the first and second
micromovement devices A, B. However, it is permissi-
ble to adopt an arrangement in which a single mi-
cromovement device is used. In such case, either the
operation of the thrusting force or pulling force of the
single micromovement device is used selectively.

A second embodiment of the present invention will
now be described.

Shown in FIGS. 8 through 10 are an injection holder
60, a center shaft 61, a microsyringe 62, a vent hole 63
formed in the microsyringe 62, a rotary plate 64 accom-
modated within the microsyringe 62 and serving as a
rotating plunger, a seal member 65 provided at the
periphery of the rotary plate 64, a liquid 66 set inside the
microsyringe 62, and a miniature instrument 67 attached
to the microsyringe 62. The rotative moving member
and micromovement device attached to the center shaft
61 are similar to those described above. Therefore, the
same reference characters are assigned to these compo-
nents and a detail description thereof is deleted.

The operation of the microinjection apparatus of the
second embodiment described above will now be de-
scribed with reference to FIG. 14.

In a case where the injection mode is desired to be
used, the operator presses the Mode I push button of the
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microinjection switch provided on the control box 50
(see FIG. 4). When this is done, a thrusting force is
produced in both the first and second micromovement
devices A, B, as a result of which the rotative moving
member 35 rotates a minute amount in the clockwise
direction, as shown in FIG. 9, accompanied by the
rotary plate 64, which also rotates a minute amount in
the clockwise direction. This causes the liquid 66 to
advance, thereby producing positive pressure in the
microsyringe 62. In this case, negative pressure does not
develop in the space within the microsyringe 62 since
the latter is provided with the vent hole 63.

In a case where the suction mode is desired to be
used, the operator presses the Mode II push-button of
the microinjection switch provided on the control box
50 (see FIG. 4). When this is done, a pulling force is
produced in both the first and second micromovement
devices A, B, as a result of which the rotative moving
member 35 rotates a minute amount in the counter-
clockwise direction, as shown in FIG. 9, accompanied
by the rotary plate 64, which also rotates a minute
amount in the counter-clockwise direction. This causes
the liquid 66 to retract, thereby producing negative
pressure in the microsyringe 62.

A third embodiment of the present invention will be
described next.

Shown in FIGS. 11 through 13 are an injection
holder 71, a microsyringe 72, a plunger 73, a rectilinear
moving member 74 and a third micromovement device
C, which comprises an inertial member 75 and a piezo-
electric/electrostrictive element 76. Numeral 77 de-
notes a liquid set inside the microsyringe 72, and 78 a
miniature instrument attached to the tip of the micro-
syringe 72. The rear end portion of the microsyringe 72
is formed to include a slit for preventing vibration of the
plunger 73, and a flexible ring 79 is resiliently fitted onto
this rear end portion about its outer periphery. This
frictional function can be so adapted that the free end of
a leaf spring whose other end is attached to a fixed
portion comes into abutting contact with the rear end
portion of the microsyringe 72.

The operation of the microinjection apparatus of the
third embodiment will now be described with reference
to FIG. 14.

Here also microinjection is classified into two modes,
namely the injection mode and the suction mode.

In a case where the injection mode is desired to be
used, the operator presses the Mode I push button of the
microinjection switch provided on the control box 50
(see FIG. 4). When this is done, a thrusting force is
produced in the third micromovement device C, as a.
result of which the rectilinear moving member 74
moves a minute amount in the leftward direction in
FIG. 11. This causes the plunger 73 and the liquid 77 to
advance, thereby producing positive pressure in the
microsyringe 72.

In a case where the absorption mode is desired to be
used, the operator presses the Mode II push-button of
the microinjection switch provided on the control box
50 (see FIG. 4). When this is done, a pulling force is
produced in the third micromovement device C, as a
result of which the rectilinear moving member 74
moves a minute amount in the rightward direction in
FIG. 11. This causes the plunger 73 and the liquid 77 to
retract, thereby producing negative pressure in the
microsyringe 72.

Besides having the aforementioned mode selection
switch, the front side of the control box shown in FIG.

—

0

20

25

40

45

55

60

65

6

14 is provided with a power supply on/off switch and
with switches for various control operations in addition
to microinjection control.

The arrangement and structure of the moving mem-
ber in the micromovement device can be modified in
various ways.

As described in detail hereinabove, the present inven-
tion is capable of providing the following effects:

(1) Rapid, precise injection control can be carried
out.

(2) Micromovement on the order of 10 nm-10 pm in
the positive and negative directions can be achieved by
driving the micromovement devices, and therefore ma-
nipulation having a very high resolution is possible.

(3) Since the tubing is short, the overall apparatus can
be made compact and response can be improved.

(4) The space required for the injection apparatus is
small and the apparatus can be mounted simply on a
stage.

(5) The operator is capable of performing the injec-
tion operation without being required to have a high
level of skill, and the operator is freed from the mental
fatigue that accompanied operation in the past. In addi-
tion, the apparatus of the invention is capable of reduc-
ing the amount of labor.

As many apparently widely different embodiments of
the present invention can be made without departing
from the spirit and scope thereof, it is to be understood
that the invention is not limited to the specific embodi-
ments thereof except as defined in the appended claims.

What is claimed is:

1. A microinjection apparatus for moving, by pres-
sure, a liquid through a miniature instrument, said appa-
ratus comprising:

(a) a microsyringe having a plunger; and

(b) reversible driving means for driving said plunger

into said microsyringe in an injection mode and for

withdrawing said plunger from said microsyringe
in a suction mode, said driving means comprising:

i. a driven member provided on one end of said
plunger;

ii. at least one elongated piezoelectric/electrostric-
tive element having one end fixed to said driven
member; and

iii. an inertial member fixed to the end of said elon-
gated piezoelectric/electrostrictive element op-
posite said one end.

2. The microinjection apparatus according to claim 1,
wherein said reversible driving means further comprises
a rotatable member capable of rotation both in forward
and reverse directions, said rotatable member being
interposed between said plunger and said driven mem-
ber.

3. The microinjection apparatus of claim 2 wherein
said driven member is elongated and has its center fixed
to said rotatable member and wherein two of said elon-
gated piezoelectric/electrostrictive  elements are
mounted on said driven member at opposite ends
thereof, said elongated piezoelectric/electrostrictive
elements being mounted in an opposing relationship for
reversibly driving said driven member and said rotat-
able member.

4. The microinjection apparatus of claim 3 wherein
said rotatable member is treadably mounted, coaxially
with said plunger.

5. The microinjection apparatus according to claim 1,

wherein said driven member moves rectilinearly.
* * * % *
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{57 ABSTRACT

A microinjection apparatus according to the invention
includes a microsyringe having a plunger, a rotative
moving member which rotates together with a shaft.
and a micromovement device mounted on the rotative
moving member and having a piezoelectric/electro-
strictive element equipped with an inertial member.
Applying an electric signal to the micromovement de-
vice produces a driving force which causes the rotative
moving member to rotate by a minute amount. As a
result, the plunger is moved a minute amount in the
axial direction to move a liquid within the microsyringe.
Also provided is a microinjection apparatus which in-
cludes a microsyringe having an internal rotary plate
serving as a plunger and attached to a center shaft, a
rotative moving member which rotates together with
the center shaft, and a micromovement device mounted
on the rotative moving member and having a piezoelec-
tric/electro-strictive element equipped with an inertial
member. Applying an electric signal to the micromove-
ment device produces a driving force which causes the
rotative moving member to rotate by a minute amount.
As a result, the rotary plate serving as the plunger is
rotated a minute amount to move a liquid within the
microsvringe. Further, the microinjection apparatus is
so adapted that a micromovement device having 2
piczoclecxric/clccxrostrictive element equipped with an
inertial member is driven to drive a rectilinear moving
member directly in a linear direction, thereby operating
a plunger.
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